The ideal experiment for determining if and when, in a female embryo, genes on the maternally (X M ) and paternally (X P ) inherited X chromosomes are transcribed would be to assess expression in an embryo directly using the reverse transcriptase version of the polymerase chain reaction (RT-PCR) from the time of conception through early cleavage stages to implantation. This is technically very challenging; not only are transcripts that are inherited from the egg present at the earlier stages, but also each embryo needs to be sexed and the expression of several genes needs to be measured in an embryo perhaps with as few as two cells. Furthermore, hybrid embryos between two different strains of mice harbouring identified polymorphisms that distinguish the transcripts from the two X chromosomes must be used.
In mammals, X chromosome expression is balanced in females and males by shutting off one of the two X chromosomes in each cell of a female [1] . This process of X inactivation involves epigenetic regulation, characterised by repressive modifications to DNA and chromatin, late replication of the inactive X and the expression of an untranslated RNA, Xist, which coats one of the X chromosomes in cis and triggers silencing [2, 3] . In 1975, Takagi and Sasaki [4] first showed that X inactivation in extra-embryonic tissues of a female mouse is imprinted -the paternally inherited X chromosome is exclusively inactivated in the cell lineages giving rise to the placenta. In contrast, X-inactivation in embryonic derivatives is random, with either the paternal or the maternally inherited X becoming heritably silenced. Two groups [5, 6] have now addressed the question of when inactivation of the paternal X actually occurs in the mouse. The results provide insight into the dynamic process of X chromosome inactivation and suggest that it is governed by imprinting in all cells during the earliest embryonic stages. Thereafter reprogramming occurs in the embryonic derivatives and X inactivation becomes random.
From their results, Huynh and Lee [5] claim that one X chromosome is already silent at the two-cell stage when zygotic gene activation occurs, suggesting that the X chromosomes are dosage compensated from conception. Okamoto et al. [6] , on the other hand, claim that the paternally inherited X is initially active after fertilisation, becoming inactivated from early cleavage stages commencing around the four-cell stage of development [6] . On the face of it, these studies appear contradictory. A closer look, however, shows much of the data reported in both papers are consistent, novel and important, and this should not be overlooked.
Textbooks state that in female mammals, such as mice or humans, one of the X chromosomes is inactivated after the blastocyst has implanted in the uterine wall [7] . This is consistent with the first cytological evidence of an inactive X being visible around the time of implantation [8] . Classic studies using X-linked markers have identified products from both the paternally and maternally inherited X chromosomes at earlier stages [9] . These findings have contributed to the prevailing view held for over 30 years, that X inactivation does not occur until around or after implantation.
Nonetheless, transcriptional silencing of the XY bivalent during male meiosis is a well-established phenomenon, raising the possibility that a still silent paternal X can be inherited by the zygote upon fertilisation [10] . Interestingly, although the inactivating transcript Xist is present in germ cells, in Xist mutants, meiotic sex chromosome inactivation still occurs [11] . This suggests that the paternal X is inactivated by a Xist-independent mechanism in male meiotic germ cells. After fertilisation, Xist expression commences at the 2-4 cell stage and is exclusively expressed from the paternally inherited X chromosome; Xist RNA coats this chromosome and is required for its inactivation [2] .
The ideal experiment for determining if and when, in a female embryo, genes on the maternally (X M ) and paternally (X P ) inherited X chromosomes are transcribed would be to assess expression in an embryo directly using the reverse transcriptase version of the polymerase chain reaction (RT-PCR) from the time of conception through early cleavage stages to implantation. This is technically very challenging; not only are transcripts that are inherited from the egg present at the earlier stages, but also each embryo needs to be sexed and the expression of several genes needs to be measured in an embryo perhaps with as few as two cells. Furthermore, hybrid embryos between two different strains of mice harbouring identified polymorphisms that distinguish the transcripts from the two X chromosomes must be used.
Huynh and Lee [5] did this to some extent and were able to measure X-linked gene expression in embryos as early as the 8-16 cell morula stage but not earlier. They analysed the expression of a dozen genes distributed along the X chromosome both proximal and distal to the 'X inactivation centre' (the specific region of the X shown to control most of the steps of X inactivation). The results showed that, in female morulae, expression occurred preferentially from X M . This indicates that dosage compensation occurs earlier than previously thought, at least as early as the 8-16 cell stage. Interestingly, the authors found that the closer the gene to the X inactivation centre, the greater the X M :X P expression ratio. To me, these data suggest that X inactivation is a progressive process along the X Pthe authors have beautifully achieved a snap-shot of a process that is not yet finished.
Taking a different approach, Okamoto et al.
[6] also found that X inactivation occurs earlier than had been previously indicated. Using established chromatin-specific markers for an inactivating X chromosomehypermethylation or hypomethylation and hypoacetylation of specific lysine residues of core histones, and the presence or absence of polycomb group proteins Eed and Enx -they were able to detect an inactive X P in 8-16 cell morulae. By the 32-cell stage, 90% of all female cells analysed had an inactive X P . These two studies show that X inactivation is evident as early as after just four division cycles from the fertilized egg.
But neither of these approaches can tell us when the X P chromosome is first inactivated, and to address this, less direct approaches were taken. Okamoto et al. From these two new studies [5, 6] two likely mechanisms emerge. The first involves meiotic X P silencing in the paternal germline which is carried over into the zygote -a mechanism likely to be independent of Xist. The alternative mechanism, proposed by Okamoto et al. [6] , involves Xist-dependent inactivation of X P commencing at the 2-4 cell stage in response to a germline-derived imprint. It will be interesting to assess the pre-inactivation model in female zygotes fathered by Xist deficient males. These conceptuses die early in embryogenesis because they fail to undergo X inactivation in the extraembryonic lineages [14] ; early cleavage stage embryos of this genotype would still, however, be informative for assessing whether the preinactivation hypothesis involves Xist; perhaps using RNA-FISH for X-linked genes. The gradient of expression along X P observed by Huynh 
